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AbstrACt
Objectives A Demographic and Health Platform was 
established in Magude in 2015, prior to the deployment 
of a project aiming to evaluate the feasibility of malaria 
elimination in southern Mozambique, named the Magude 
project. This platform aimed to inform the design, 
implementation and evaluation of the Magude project, 
through the identification of households and population; 
and the collection of demographic, health and malaria 
information.
setting Magude is a rural district of southern 
Mozambique which borders South Africa. It has nine 
peripheral health facilities and one referral health centre 
with an inpatient ward.
Intervention A baseline census enumerated and 
geolocated all the households, and their resident and 
non- resident members, collecting demographic and socio- 
economic information, and data on the coverage and 
usage of malaria control tools. Inpatient and outpatient 
data during the 5 years (2010 to 2014) before the survey 
were obtained from the district health authorities. The 
demographic platform was updated in 2016.
results The baseline census conducted in 2015 
reported 48 448 (92.1%) residents and 4133 (7.9%) non- 
residents, and 10 965 households. Magude’s population is 
predominantly young, half of the population has no formal 
education and the main economic activities are agriculture 
and fishing. Houses are mainly built with traditional non- 
durable materials and have poor sanitation facilities. 
Between 2010 and 2014, malaria was the most common 
cause of all- age inpatient discharges (representing 20% 
to 40% of all discharges), followed by HIV (12% to 22%) 
and anaemia (12% to 15%). In early 2015, all- age bed- net 
usage was between 21.8% and 27.1% and the reported 
coverage of indoor residual spraying varied across the 
district between 30.7% and 79%.
Conclusion This study revealed that Magude has limited 
socio- economic conditions, poor access to healthcare 
services and low coverage of malaria vector control 
interventions. Thus, Magude represented an area where it 
is most pressing to demonstrate the feasibility of malaria 
elimination.
trial registration number NCT02914145; Pre- results.
bACkgrOund
Mozambique is one of the countries with the 
highest malaria burden in the world.1 Malaria 
prevalence among children of 6 to 59 months 
of age is heterogeneous within the country 
ranging from high transmission intensity 
in the North (>50%) to less than 3% in the 
South, as reported in the latest malaria survey 
conducted in 2015.2 Lower prevalence in the 
southern region may be related to the great 
progress against malaria in the past decades, 
partly as a result of the regional initiatives 
aiming for malaria elimination in the area. 
strengths and limitations of this study
 ► A Demographic and Health Platform (DHP) was 
established in Magude in 2015 to enumerate and 
geolocate all the households, and their resident and 
non- resident members in order to update the de-
mographic information of the district which was last 
collected in 2007 during a national census.
 ► Second census round was conducted one year later 
acknowledging that detailed population data collect-
ed at individual level at one point in time may miss 
individuals or households that can be captured after 
a later update.
 ► The census rounds were planned in close collabo-
ration with the community leaders and district au-
thorities, and counted with intensified training of 
fieldworkers, and a strong component of field and 
data supervision by experienced demographers.
 ► Data collected through the DHP could have been 
affected by inaccuracies during data collection 
or entry, or by recall or desirability bias of census 
participants.
 ► Inpatient and malaria outpatient information was 
limited by the quality and accuracy of the data at the 
time it was collected, by disease- specific interven-
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Figure 1 Map of Magude district (2015). (A) Administrative and permanent river shape files were obtained from DIVA- GIS 
((http://www.diva-gis.org/Data), and confirmed with Magude’s key informants. GPS positions of households, health facilities and 
community health workers obtained directly from the field and mapped using QGIS. (B) Population pyramid of Magude district 
(2015) showing the proportion of 5- year age and sex groups out of the total population. GPS, geographic positioning system.
In line with the vision of a malaria free world established 
by the WHO in its Global Technical Strategy for 2016 
to 2030,3 the National Malaria Control Programme of 
Mozambique (NMCP) decided to redefine its strategic 
objectives in order to include the implementation of 
malaria elimination activities in the South. In this context, 
a malaria elimination project named the Magude project 
was designed and evaluated in Magude district, Maputo 
province, by the Manhiça Health Research Centre (CISM) 
and the Barcelona Institute of Global Health (ISGlobal), 
to assist the NMCP in adopting a malaria elimination 
strategy based on local evidence.4
Prior to the initiation of the Magude project in 2015, 
there was limited and outdated information with regards 
to the number of individuals living in Magude, as well as to 
their demographic and socio- economic characteristics.5 
Thus, detailed information from the whole district was 
deemed crucial to inform the elimination strategies that 
had been planned for the following years in the district. 
The process of filling in this knowledge gap also aimed 
to identify and contact key leaders at provincial, district 
and at community level, to inform and engage them in 
the activities prior to their deployment. In this context, 
a Demographic and Health Platform (DHP) adapted 
from the health and demographic surveillance system 
(HDSS) method was established in the district of Magude 
in February of 2015 with the objective of providing 
reliable and updated demographic data to inform the 
project. This platform allowed to plan the activities and 
to provide a sampling frame to measure indicators in the 
community such as malaria prevalence, and to estimate 
the coverage of indoor residual spraying (IRS), coverage 
and usage of long- lasting insecticide treated nets (LLIN) 
and mass drug administration (MDA) campaigns. The 
DHP’s permanent identification numbers were used to 
track individual’s participation in each intervention of 
the Magude project longitudinally, thus allowing to iden-
tify and quantify potential challenges to the project, such 
as reasons for non- participation, or probable sources of 
imported infections. Data were also used to accurately 
measure prevalence at the community stratified by age 
groups and place of residence. Overall, these findings 
were crucial to the design of the Magude project, and 
offered robust evidence to guide malaria elimination 
strategies in southern Mozambique.
This article presents the demographic, socio- economic 
and health characteristics of the population of Magude, as 
well as the coverage of malaria control interventions esti-
mated through the baseline census conducted between 
February 2015 and June 2015. It also presents the burden 
of disease in Magude during the 5 years (2010 to 2014) 
before the DHP, using the inpatient and outpatient data 
obtained from the district health authorities. A summary 
of the demographic profile of Magude after updating the 




The district of Magude is located in the North- Western 
part of Maputo province and borders with the districts 
of Massingir, Chókwe and Bilene, from Gaza province on 
the North and North- East; with the districts of Manhiça 
and Moamba, of Maputo province in the East and South 
and with the South African National Kruger Park, in the 
West (figure 1A).
Magude was selected as an appropriate demonstration 
area for the malaria elimination project as it was expected 
to pose the types of challenges that the NMCP would face 
when implementing a malaria elimination campaign in 
the south of the country. This is, there were more than 
13 000 malaria cases reported in the district in 2014, with 
the majority of cases observed between January and May, 
suggesting that the epidemiology of malaria in the district 
was representative of most endemic areas in the country 
with the typical seasonal pattern coinciding with the rainy 
season.6 7 Additionally, the socio- economic and infrastruc-
tural limitations reported for Magude made it sufficiently 




ay 7, 2020 at B












pen: first published as 10.1136/bm





3Galatas B, et al. BMJ Open 2020;10:e033985. doi:10.1136/bmjopen-2019-033985
Open access
at reach of CISM’s facilities (located in Manhiça district), 
which facilitated the logistics, supervision and quality 
control processes. Finally, the population of Magude 
had had very limited exposure to research projects or 
targeted innovative malaria interventions prior to 2015, 
having only received the programmatic IRS, LLINs and 
child immunisation campaigns conducted by the govern-
ment. This allowed facing the challenges of working in an 
unexposed population that was not biassed by previous 
activities.
study design
A DHP was established in Magude in February 2015 by 
CISM, which was adapted from the HDSS previously 
established in Manhiça district also by CISM.8 A baseline 
census was conducted at that time (February to June) to 
identify and enumerate all neighbourhoods, households 
and resident and non- resident individuals living in these 
households. Geographic positioning system coordinates 
were also captured for every household. All individuals 
were assigned a permanent and unique identification 
number, linked to the household number where they were 
first enumerated. A second census round was conducted 
between August 2016 and September 2016, to review 
and update all information collected during the baseline 
census and record live births, deaths and migrations that 
occurred between the two censuses. New households and 
new members were enumerated, and their information 
was collected to update the baseline databases.
This DHP defined a household as a structure or set of 
constructions where an individual or group of individuals 
live and share domestic activities and costs (such as eating 
and sleeping) and recognise one of them as their supe-
rior or chief, regardless of their kinship ties. Individuals 
were defined as residents if they had lived and slept in a 
household within the study area for a period of 3 months 
or more or intended to do so. Non- resident members of 
a household were defined as those who left the district or 
who had never lived in the study area for a period of three 
or more months, but who kept their roles in the house-
holds as head of household, husband or other important 
breadwinners, and paid regular visits to their households 
in Magude. These individuals leave their households for 
specific reasons such as work, studies or imprisonment; 
and would otherwise reside in the referred household. 
This category excluded offspring or other members who 
had left the household to live in their own households 
outside the study area, irrespective of whether they kept 
visiting the reference household or not.
data collection procedures
Baseline and updated data from the census rounds were 
collected through standardised questionnaires using 
Open Data Kit (https:// opendatakit. org/) installed in 
Android tablets. Data were sent to a secure server at CISM 
using Wi- Fi. Information collected on households’ socio- 
economic characteristics included building materials 
used for the main house, source of water and electricity 
and household assets and livestock. At the individual 
level, the information collected included the name, sex, 
date of birth, relation to the head of household, educa-
tion and occupation of all residents and non- residents 
of Magude. Information was also collected on malaria 
prevention tools, including the possession and use of 
LLINs, and whether the house had received IRS in the 12 
months preceding the census. Individuals were also asked 
about history of fever during the preceding 30 days, and 
whether they had sought care at a health facility, commu-
nity health worker, traditional healer or none. The 
specific health facility where the individual sought care 
was also specified to delineate health facility catchment 
areas according to the community. Finally, information 
was collected on the migration and mobility patterns of 
all participants, to better characterise the mobility profile 
of the district, and offer potential information on the 
sources of new infections if transmission was eventually 
significantly reduced.
Administrative and geographical information was 
obtained directly from the district authorities and from 
the most recent district profile of Magude published in 
2014 by the central government authority7 and district 
statistics performed by the National Institute of Statis-
tics.9 10 We retrospectively collected monthly data on inpa-
tient discharges from the referral health centre of Magude 
Sede, as well as weekly outpatient malaria cases reported 
through the weekly epidemiological bulletin (Boletim 
Epidemiológico Semanal or ‘BES’ in Portuguese) for 
the period of 2010 to 2014. The BES did not distinguish 
between presumed and confirmed cases, the diagnostic 
used (rapid diagnostic test or microscopy) or the location 
of detection (health facility or in the community).
Patient and public involvement
This study counted on the support and involvement of 
the community of Magude in all of its stages. During its 
design and planning, meetings were held with the district 
authorities and community leaders in order to inform 
them of the purpose of the DHP under the scope of the 
Magude project, as well as to landscape the number of 
villages in Magude that had to be covered by the DHP. 
The study team worked closely with village chiefs when 
performing the household visits, which ensured that all 
district households were covered by the DHP. Reports 
were submitted to the administrative authorities to 
support vector control activities, among others. Prelimi-
nary findings were also communicated in meetings held 
with the community prior to the deployment of MDAs, 
where the findings obtained from the study—particularly 
focussing on malaria—were discussed in detail.11
data analysis
Data management and descriptive analyses were performed 
using R Software.12 The percentage distribution of catego-
ries within any given variable were calculated considering 
the observations with missing values in the denominator. No 
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Table 1 Summary of Magude population in 2015 and 2016
District level
Magude
Sede Motaze Panjane Mahele Mapulanguene
N % N % N % N % N % N %
Households 2015 10 965 8011 73.1 1471 13.4 627 5.7 377 3.4 479 4.4
Households 2016 11 960 8520 71.3 1441 12.1 645 5.4 803 6.7 547 4.6
Population 2015 52 802 38 534 73.0 7421 14.1 3122 5.9 1784 3.4 1934 3.7
Residents 48 448 91.8* 35 346 73.0 6605 13.6 2930 6.0 1695 3.5 1868 3.9
Non- residents 4133 7.8* 2970 71.9 816 19.7 191 4.6 89 2.2 66 1.6
Unclassified 221 0.4* 218 99.5 0 – 1 0.5 0 – 0 –
Population 2016 61 868 44 203 71.4 8149 13.2 3576 5.8 3499 5.7 2404 3.8
Residents 56943† 92.1* 40 623 71.4 7275 12.8 3361 5.9 3329 5.8 2322 4.1
Non- residents 4535‡ 7.3* 3266 72.0 842 18.6 206 4.5 143 3.2 76 1.7
Unclassified 390§ 0.6* 314 80.9 32 8.2 9 2.3 27 7.0 6 1.5
Demographic events 2015–
2016
3078 2204 71.6 390 12.7 186 6.0 168 5.5 129 4.2
Births 1687 54.8 1203 71.4 220 13.0 92 5.5 91 5.4 80 4.7
Immigrations 721 23.4 521 72.3 60 8.3 51 7.1 60 8.3 29 4.0
Deaths 670 21.8 480 71.6 110 16.4 43 6.4 17 2.5 20 3.0
*Column %.
†56 943 = 48 448 (censused in 2015) – 616 (deaths) + 1670 (births) + 1235 (immigrations) + 6206 (censused in 2016).
‡4535=4133 – 42 (deaths) + 12 (births) + 64 (immigrations) + 368 (censused in 2016).
§390 = 221 – 8 (deaths) + 5 (births) + 21 (immigrations) + 151 (censused in 2016).
as the DHP covers the entire district, and therefore offers 
direct population parameters. The relationship between 
outpatient malaria cases and rainfall was evaluated using 
linear regressions for different rainfall lags. Spatial visuali-
sation of the data collected on the field and obtained from 
web- based open source administrative data bases from 
DIVA- GIS13 were performed using QGIS Software.14
Household’s socio- economic status was measured using 
a modified version of Oxford’s Poverty and Human Devel-
opment Initiative Multidimensional Poverty Index (MPI),15 
following the same methodology used by the INDEPTH 
group to estimate the poverty index of various HDSS sites 
throughout Africa.16 In summary, this method categorises 
households as ‘deprived’ or ‘not deprived’ based on six 
deprivation indicators: (1) lack of electricity; (2) lack or 
sharing of an improved sanitation facility; (3) lack of access 
to improved drinking water source, or source only available 
at more than 30 min walk, round trip; (4) sand floors in 
main houses; (5) dung, wood or charcoal used for cooking 
fuel and (6) households that do not own a car nor truck 
and do not own more than one of the following: radio, tele-
vision, telephone, bike, motorbike or refrigerator. A depri-
vation indicator is generated as lowest deprivation (0 to 2), 
moderate deprivation (3 to 4) or highest deprivation.5 6 16
results
the geography of Magude district
The district of Magude has an area of 6961 km2 and is 
divided in five administrative posts, namely: Magude 
Sede, Motaze, Panjane, Mahele and Mapulanguene 
(figure 1A). The vegetation of Magude is dominated 
by open forests and savannahs hosting animals such as 
impalas, warthogs, lions, buffalos and elephants. There is 
one permanent river (Incomati), which flows through the 
south- western region of the district and constitutes the 
main source of water in the area, and three intermittent 
rivers dependent on rainfall, called Massintonto, Uanétze 
and Mazimuchopes.7
demographic and socio-economic characteristics
The baseline census of 2015 registered 10 965 house-
holds and 52 802 individuals, of whom 48 448 (91.8%) 
were residents and 4133 (7.8%) were non- residents. The 
district had a population density of 6.9 inhabitants per 
km2, which varies by administrative post. The majority of 
the population (73%) lives in the Magude Sede adminis-
trative post (the capital of the district); 14.1% in Motaze, 
5.9% in Panjane, 3.7% in Mapulanguene and 3.4% in 
Mahele (table 1). The age and sex structure of the popu-
lation is dominated by children and young people, and 
a sharp reduction of adults, particularly among males 
(figure 1B).
The census update conducted between August 2016 
and October of 2016 registered a population of 61 868 
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Table 2 Socio- demographic characteristics of heads of households, and household characteristics (2015)
Characteristics of heads of households* N %
Sex Males 5051 54.6
  Females 4206 45.4




Education level No formal education 5460 59.0
5th to 7th grade 2611 28.2
8th to 12th grade 807 8.7
University 37 0.4
Missing information 342 3.7
Marital status Single 4007 43.3




Residents of Magude   9257 84.4
Households characteristics   
Average household size†   5 (3 to 7)
Lone- resident households   1171 10.7
Wall material of the main building Cane 3506 32.5
Cement 2807 26.0
Mud bricks 2338 21.6
Adobe 1703 15.8
Zinc plates 319 3.0
Wood 128 1.2
Type of toilet Traditional latrine 5774 53.5
Improved latrine 1144 10.6
WC connected to septic tank 233 2.2
No latrine 3650 33.8
Main source of lighting energy Paraffin 5362 49.6
Electricity 3321 30.8
Candles 1074 9.9
Solar panels 502 4.6
Other 539 5.0





Missing information 3541 32,8
Primary source of drinking water Water pumps 3700 34.3
Directly from the river 2691 24.9
Piped water 2218 20.5






ay 7, 2020 at B












pen: first published as 10.1136/bm





6 Galatas B, et al. BMJ Open 2020;10:e033985. doi:10.1136/bmjopen-2019-033985
Open access 
Characteristics of heads of households* N %
Vector control tools   
% of households with >1 ITN   8906 81.2
Universal ITN coverage (one net per two household 
members)
  5690 53.2
IRS in past 12 months Yes 5722 52.2
No 4719 43.0
Unknown 524 4.8
*or subhead (if head does not live in the household).
†Median (IQR).
IRS, indoor residual spraying; ITN, insecticide- treated net; WC, water closet.
Table 2 Continued
(81%) were found during the update round, 6099 
(11.5%) were reported to still be in Magude by a family 
member although fieldworkers did not find them in 
other households and therefore were not able to confirm 
and complete the registration of migration. There were 
an additional 3244 (6.1%) individuals censused in 2015 
who were not found in 2016 and for whom there were 
no informants, but were still considered to be in Magude 
for this analysis. This update also recorded the death of 
670 individuals censused in 2015, 1687 live births and 721 
immigrations since the baseline census. An additional 
7325 individuals who were missed in 2015 were censused 
during this update (table 1).
The baseline census indicated that 62% of males and 
63.1% of females above the age of 14 reported being 
married or in de facto union; and 3% of married men 
practice polygamy. The prevalence of lack of formal 
education among those aged 6 and older in Magude is 
51.9% among females and 47.4% among males. Approxi-
mately 37.2% of individuals reached fifth to ninth grade, 
and 9.5% have completed between tenth and twelfth 
grade (online supplementary table 1). In 2015 Magude 
had 31 primary schools offering first to fifth grades, 33 
offering first to seventh grades, one secondary school 
offering eighth to twelfth grades and one private higher- 
education training centre. According to the national 
census performed in 2007, Xichangana is the main local 
language of the district and is the mother tongue of 92% 
of the population of Magude. However, 51% of the popu-
lation also reports being able to speak Portuguese (the 
official language in Mozambique), which is the mother 
tongue of only 3.2% in the district.7
Occupations are unevenly distributed between males 
and females older than 18 years of age. The majority of 
the population (26.1% of males and 70.7% of females) 
relies on subsistence agriculture, fishing or working as 
cane cutters in the sugar plantations within Magude, or in 
Xinavane, in the nearby district of Manhiça. Other occu-
pations include being a salesperson (8.9% of men and 
11% of women), doing construction work (22.1% of men 
and 0.7% of women) or making coal (11.5% of men and 
3.1% of women). A small proportion of the population 
works as security guards, or work in the public sector, 
particularly as health professionals, teachers or in the 
army (online supplementary table 1).
Men represent 54.6% of heads of households in 
Magude. Only 0.4% of household heads are younger 
than 18 years of age and 5.6% are between the ages of 
18 to 24, while 74.7% are between 25 and 64 years old 
and 19.2% are older than 65 years of age (table 2). Forty- 
three per cent of heads of household are single, 35.4% 
are married or in de facto union, 16.8% are widows and 
4.3% separated. Fifty- nine per cent of heads of house-
holds reported having no formal education, while 28.2% 
reported completing up to fifth to ninth grade, 8.7% up 
to tenth to twelfth grade and 0.4% reported having a 
university degree (table 2).
living conditions in Magude’s households
Settlements in Magude are made of individual household 
compounds that are built in proximity to each other in 
the central areas of each administrative post, and more 
spread out in the rest of the district. The median house-
hold size is five, although 1171 households (10.7%) have 
only one resident, 40% of whom are older than 65 years 
old.
The majority of households are traditional round- 
shaped or rectangular- shaped huts constructed using 
cane (32.5%), cement (26%), mud bricks (21.6%) or 
reeds covered by adobe (15.6%) (table 2). More than 
half of the households have traditional latrines (53.5%), 
10.6% have improved latrines, while 33.8% of house-
holds do not have any form of sanitation facility. Flush 
toilets can only be found in 2.2% of the households. 
The primary lighting sources used in the households are 
paraffin (49.6%), electricity (30.8%), candles (9.9%) 
and solar panels (4.6%). The majority of households 
cook using wood logs (59.3%). Water is mainly obtained 
from pumps (34.3%) or piped water (20.5%), although a 
quarter of the population collects water directly from the 
river (24.9%) or from open wells near the river (10.5%) 
(table 2).
With regards to household assets, 68.5% of households 




ay 7, 2020 at B












pen: first published as 10.1136/bm





7Galatas B, et al. BMJ Open 2020;10:e033985. doi:10.1136/bmjopen-2019-033985
Open access
have a television, while 16.8% and 12.2% of households 
have a fridge and a freezer, respectively. Almost a quarter 
of households reported having bicycles (23.7%), while 
10.8% reported owning cars, 5.3% motorbikes and 0.7% 
trucks (online supplementary figure 1).
Households in Magude had a median number of four 
deprivations. Twenty- five per cent of the households were 
in the lowest deprivation category, with 0 to 2 deprivation 
indicators; while 55.3% fell in the 3 to 4 deprivation group 
and 22.4% in the 5 to 6 deprivation group. This distribu-
tion was unevenly observed among the different adminis-
trative posts. Magude Sede had the highest proportion of 
households in the lowest deprivation group (32%), while 
Mapulanguene had the highest proportion of house-
holds in the moderate deprivation category (70.8%). 
Panjane and Mahele were the administrative posts with 
the highest proportion of highly deprived households 
(online supplementary table 2).
Mobility patterns
The baseline census showed that 5% of residents reported 
having spent the night before the census outside of 
Magude (6.4% of males and 5% of females). Of these, 
43% were younger than 14 years old, 25.1% were 15 to 
29 years old, 18.1% were 30 to 44 years old, 10.3% were 
45 to 64 years old and 3.4% were older than 65 years old 
(online supplementary table 3).
Almost half of the population (43% of males and 46.9% 
of females) did not report frequently travelling outside of 
Magude during the baseline census. Among the 54.4% 
who did, the places most frequently visited included 
Maputo City (55.3% of males and 58.3% of females), 
South Africa (23.1% of males and 16.8% of females), Gaza 
province (12.2% of males and 15.9% of females), Inham-
bane province (4.3% males and 2.6% females) and other 
Northern provinces within Mozambique (5.2% of males 
and 6.3% of females). Younger individuals (less than 15 
years old) reported travelling the most to all provinces 
within the country, followed by those between the ages of 
15 to 30; while 15 to 45 year olds are more likely to travel 
to South Africa. Individuals older than 45 reported travel-
ling more to provinces northern of Maputo province, as 
well as abroad (online supplementary figure 2).
health and malaria information
The district has 10 functional health facilities (HFs)—one 
with an inpatient and maternity ward (Type I) and nine 
HFs only with maternity wards (Type II). Eight of the 10 
HFs were active in 2015, and 2 more Type II HFs were 
added in 2016 and 2017. The referral HF, located in the 
Magude Sede administrative post, has 57 beds and three 
active medical doctors (0.06 doctors per 1000 inhabi-
tants). The other nine Type II health facilities have 37 beds 
in total. The whole district has only 3 medical doctors, 15 
general nurses and 19 maternal and child health nurses 
(figure 1A). Only three HFs have access to piped water, 
four have access to public network electricity and five 
rely only on solar panels. All health facilities are located 
on a local main road to facilitate access, and the median 
Euclidean distance from households to the nearest health 
facility is 2.7 km (IQR 1.4 to 7.9 km), although households 
are as close as 15 m or as far as 38.8 km. There is only 
one ambulance in Magude, which is used for transferring 
patients within the district, but also to the hospitals in 
Xinavane, Manhiça and Maputo.
The health system in Mozambique includes Commu-
nity Health Workers (or APEs, from its acronym in Portu-
guese) who are trained by the Ministry of Health to offer 
primary health services in areas with poor access to HFs. 
They provide diagnosis and treatment for malaria, diar-
rhoea and pneumonia, and to refer patients with signs of 
sickness requiring higher medical attention.17 In Magude 
there are 27 APEs distributed throughout the district 
(figure 1A). The average distance between households 
and the nearest APE is approximately 6.3 km (median of 
4.4 km, IQR 2.8 to 5.4 km).
All HFs and APEs in Magude are equipped to diagnose 
malaria through Rapid Diagnostic Tests (RDTs) and light 
microscopy is only available in the Magude Sede Type I 
HF. They also offer treatment to all positive cases with 
Artemether- Lumefantrine, the first line treatment in 
Mozambique. Intermittent preventive treatment in preg-
nancy using sulfadoxine- pyrimethamine is also offered 
in all HFs of the district. In May of 2014 the NMCP 
conducted an LLIN universal distribution campaign, with 
35 432 bed nets distributed in Magude district. This was 
followed by a focal IRS campaign between October 2014 
and December 2014 using the insecticides deltamethrin 
and dichlorodiphenyltrichloroethane (DDT), which was 
only deployed in the Motaze administrative post, where 
the malaria burden was highest.
Malaria has traditionally been the first cause of 
disease in the district, responsible for approximately 
53% of all consultations reported in 2003.7 According 
to the inpatient discharge data available from January 
2010 to December 2014, between 20% to 40% of all- 
age discharges in the inpatient department were due to 
malaria, followed by HIV (12% to 22%), anaemia (12% 
to 15%), pneumonia (6% to 12%) and diarrhoea (3% to 
8%), varying by month and year (figure 2A). The weekly 
number of malaria cases reported through the BES in 
Magude between 2010 and 2014 follows a seasonal pattern 
with a peak between December and May and a reduction 
of cases during the dry season (figure 2B). According 
to BES data, there were 293 cases per 1000 population 
reported during the transmission year of July 2011 to June 
2012, 247 per 1000 between July 2012 and June 2013, 252 
cases per 1000 between July 2013 and June 2014 and 110 
cases per 1000 between July 2014 and June 2015.7 There 
is a fairly linear association between the rainfall in the 
preceding 2 months, and the number of malaria cases in 
Magude (linear regression coefficient=13.6, Rho=0.64, p 
value <0.001).
The prevalence of history of fever during the 30 days 
prior to the baseline census was 12.1% in children under 
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Table 3 Individual- level health and malaria prevention indicators in Magude district 2015
Age group in years
<5 5 to 14 >15
N % N % N %
Had fever in the preceding 30 days
  Yes 1043 12.1 1128 7.7 2931 11.6
  No 7492 87.2 13 325 91.2 21 977 87.1
  Unknown 55 0.6 154 1.1 319 1.3
Primary source of healthcare
  Health facility 8552 99.6 14 548 99.6 25 075 99.4
  Traditional healer 13 0.2 27 0.2 61 0.2
  Community health worker 22 0.3 32 0.2 66 0.3
Slept under a bed net the preceding night
  Yes 2330 27.1 3179 21.8 6799 27.0
  No 6260 72.9 11 428 78.2 18 428 73.0
Figure 2 Health profile of Magude district prior to the baseline census (2010 to 2014). (A) Most common diseases leading 
to all- age hospitalisation and later discharge in Magude reported by the District Health Authorities between 2010 and 2014. 
(B) Weekly number of outpatient malaria cases observed in Magude between 2010 and 2014 reported through the weekly 
epidemiological bulletin (BES) and monthly rainfall data obtained from the Climate Hazards Group InfraRed Precipitation with 
Station data (CHIRPS). BES, Boletim Epidemiológico Semanal.
in individuals older than 15 years. Almost all individ-
uals reported going to a health facility as their primary 
source of healthcare (>99%), while a small proportion 
mentioned seeking care first from traditional healers or 
community health workers. The proportion of individ-
uals who reported sleeping under a bed net the night 
before was 27.1% among children under the age of 5, 
21.8% in 5 to 14 year olds and 27% among those >15 years 
of age (table 3). The universal bed net coverage (ie, one 
net for every two individuals of a household) in 2015 was 
52.7% in the administrative post of Magude Sede, 59.9% 
in Motaze, 44.1% in Panjane, 52.7% in Mahele and 52.1% 
in Mapulanguene. Finally, the reported coverage of IRS 
during the previous 12 months was 49% in Magude Sede, 
79% in Motaze, 41.1% in Panjane, 61% in Mahele and 
30.7% in Mapulanguene (table 2 and online supplemen-
tary table 4).
dIsCussIOn
Overall, the Demographic and Health Platform estab-
lished in Magude offered detailed insight into the base-
line socio- demographic profile of Magude district prior 
to the Magude project. It revealed that the number of 
residents in Magude in 2015 (52 804 individuals and 
10 965 households) was similar to the number reported 
by the 2007 national census conducted by the National 
Institute of Statistics (INE) (53 229 individuals and 11 408 
households)9 but did not coincide with the projected 
population for Magude in 2015 estimated by the INE 
to be 62 000,10 which is not surprising acknowledging 
the limitations of population projections. The census 
update conducted in 2016 identified individuals who 
had been missed by the baseline census, and recorded 
the births, deaths and in- migrations since baseline. As a 
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those censused in 2015 who were not found in 2016 were 
still living in the district, was 61 868 individuals, which is 
similar to the projection by INE for this year (62 924).
The usefulness of a demographic and health surveil-
lance system in demographic and biomedical research 
in African countries has been previously described.18 
Having a precise source of population data is crucial for 
the correct estimation of the risk of disease and coverage 
of health indicators in a population, as well as for plan-
ning purposes of public health interventions.19 This plat-
form has shown that detailed population data collected at 
individual level at one point in time still misses a number 
of individuals, who can be captured after a later update. 
However, all the census rounds faced the challenge of 
finding individuals at home, or informants of unavail-
able individuals, to identify whether a member lives in 
the area despite not being found during a specific census 
round. To identify or collect information about absent 
individuals, field supervisors attempt to arrange inter-
views with them at their places of work, or interview their 
family members at their households during weekends. 
The same phenomenon is expected to take place when 
implementing malaria interventions in the community 
(such as rounds of IRS or of mass drug administrations), 
which generally challenges the estimation of intervention 
coverage.
Household- level data indicates that the households in 
Magude are typical of a rural area with suboptimal condi-
tions regarding access to water, electricity and sanitation. 
The majority of houses were relatively homogeneous, built 
with non- durable materials, such as cane and adobe and 
did not have access to clean water, conditions indicative 
of a low socio- economic status.20 The age and sex compo-
sition of Magude’s population is typical of rural Mozam-
bique and sub- Saharan Africa, composed primarily by 
children and young individuals and a decreasing propor-
tion of adults as age increases.21 Another important aspect 
of the structure of the population of Magude is the lower 
sex ratio (number of males in relation to that of females) 
among young and middle- aged adults, which has been 
reported, in the neighbouring district of Manhiça, to be 
related to male labour migration to Maputo city or South 
Africa and higher male mortality.21
A large proportion of the heads of households and of 
the overall population of Magude reported not having 
received a formal education, a major risk factor for health 
outcomes. Additionally, most individuals reported having 
occupations related to agriculture or fishing, which are 
usually carried out early in the morning until around 
noon. These aspects should be taken into consideration 
when planning mobilisation campaigns and community- 
based interventions, as visits might have to be conducted 
at certain times of day and/or venues outside the house-
holds to be able to find these individuals.
Magude is also subject to significant mobility and 
migration, as more than half of the population reported 
travelling frequently outside of the district. The destina-
tions most reported by travellers living in Magude were 
Maputo and South Africa, followed by Gaza and Inham-
bane provinces. This information is useful to evaluate 
the risk of malaria importation from other areas due to 
travel or migration.22 Maputo city and South Africa are 
areas with lower malaria burden than Magude;23 however, 
the district of Manhiça surrounding Magude, the prov-
inces of Gaza, Inhambane and the rest of Mozambique 
have higher malaria prevalence estimates than Magude 
district,2 and could be a source of imported infections.24 
These places are commonly visited by all age groups, 
whereas the lower- endemic areas are mainly visited by 
<30 year olds. This age pattern of migration is typical of 
the rural areas of southern Mozambique, where migra-
tion rates are higher among individuals aged 20 to 45 
years and their children, and decrease with increasing 
age when individuals establish as permanent residents in 
an area.
The population of Magude has access to 10 health facil-
ities, one of them with an inpatient ward with 57 beds. 
Thus there are 11.8 beds per 10 000 population, a ratio 
that is higher than the national level (7 beds per 10 000 
in Mozambique).25 While most respondents indicated 
seeking healthcare primarily from formal health facilities, 
the majority of the population is scattered throughout 
the district as far as 38 kms away from a HF and it is diffi-
cult to access health facilities or APEs due to limited roads 
and lack of transportation. This has implications for the 
delivery of public health interventions, especially for 
those that rely on the passive detection of cases to control 
transmission in the community.
Data between 2010 and 2014 from the outpatient and 
inpatient department of the Magude Sede health centre 
indicated that malaria was the main cause of hospitalisa-
tion and later discharged with a clear seasonal pattern. 
The population of Magude is also burdened by HIV, 
anaemia, pneumonia and diarrhoea, similar to its neigh-
bouring districts of Manhiça and Chokwé.26–33 Inpatient 
information was retrospectively collected, and thus, its 
quality and accuracy depends on the data at the time at 
which it was collected. It may also be biassed by disease- 
specific interventions or changes in diagnostics, referral 
protocols of severe cases to other districts or reporting 
practices. Additionally, cases reported by BES are diffi-
cult to interpret given their lack of disaggregation in 
presumed or confirmed, diagnostic tool used or place of 
detection of the case. Thus, they are subject to changes 
in RDT use and stock- outs, in care seeking behaviour 
to HFs or APEs, or reporting inaccuracies. In fact, cases 
reported by the APEs are usually excluded by those who 
report in BES, and neither the total number of fevers nor 
the number of individuals tested are reported. Thus, a 
stronger surveillance system than BES was thought to 
be required, and consequently established in Magude 
in 2015, to fully capture the clinical malaria profile of a 
district aiming to eliminate malaria.4 34
The age- specific self- reported history of fever in the 
past 30 days (7.7% to 12.1%) were slightly lower than the 
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weeks in Maputo province, which was 15% according to 
the most recent malaria indicator survey.2 Approximately 
half of the households in Magude reported owning one 
bed net for every two individuals (universal coverage). 
However, only a fourth of the population reported 
sleeping under a bed net the previous night. These find-
ings mirror the estimates reported for Maputo province 
in 2011 by the Demographic Health Survey, which found 
a reported bed net usage rate of 27% in Maputo prov-
ince.35 This information is indicative of an area where bed 
net owners do not necessarily use the net as a preventive 
tool against malaria during the rainy season, despite this 
being a prevalent disease in the district. Other demo-
graphic and socio- economic risk factors that have been 
associated with LLIN use, such as households with more 
children, household heads with no formal education 
or households far away from the health facilities, might 
explain the low bed net usage in Magude.36–38
The reported IRS coverage in the area of Motaze was 
higher, which corresponds with the focal IRS campaign 
conducted by the NMCP that took place only there 
in September of 2014. The coverage reported in other 
areas was probably the consequence of recall bias, as a 
districtwide IRS campaign took place in 2013. Overall, 
the coverage reported for LLINs and IRS throughout 
the district was below the WHO recommended coverage 
of >80%,39 leaving a significant proportion of the popu-
lation unprotected by any of the standard preventa-
tive measures. The identification of gaps in such vector 
control coverages called for a strong community engage-
ment campaign focussed on the use of the bed nets and 
participation in the yearly rounds of IRS.
COnClusIOn
Through the establishment of a Demographic and Health 
Platform in Magude in 2015, which was updated in 2016, 
and a baseline assessment of the relevant health indica-
tors, it was possible to fully characterise a district where 
malaria elimination interventions were to be deployed 
and evaluated. Magude represents a typical rural district 
of Mozambique characterised by limited social and 
economic infrastructures, which had to be considered 
for the design and operationalisation of the community- 
based interventions. This study also revealed a low educa-
tion level among a large proportion of the population 
and identified agriculture as the main economic activity 
in the district. These socio- demographic characteristics 
suggest that a strong community engagement would be 
necessary for the implementation of a malaria elimina-
tion project. Half of the population of Magude reported 
travelling outside of the district to areas of high and 
low malaria transmission intensity, showing that malaria 
importation will likely be a source of continuous transmis-
sion even if interruption of local transmission is achieved. 
Also, the poor access to healthcare services, as well as to 
core malaria vector control interventions such as IRS and 
bed nets distributed by the NMCP, indicated that these 
aspects needed to be integrated within the malaria elim-
ination programme planned for the district, in order to 
maximise the impact of the interventions aiming to inter-
rupt transmission. Overall, this district represents the 
reality of the majority of malaria endemic areas in sub- 
Saharan Africa, where elimination is most needed, and 
where it is most pressing to demonstrate the feasibility of 
elimination strategies.
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